Elephantiasis is a classic sign of late-stage lymphatic filariasis. Although the infection can be treated with drugs, the chronic conditions may not be curable by currently available antifilarial drugs. In continuation of our drug discovery program, we identified potent antifilarial activity in a calophyllic acid and isocalophllic acid mixture, which was isolated from the leaves of Calophyllum inophyllum. The mixture inhibited the motility of adult Brugia malayi worms and microfilariae stage parasites at a concentration of 15.6 µg/mL with an IC 50 of 2.1 and 5.5 µg/mL, respectively, in in vitro studies. The diastereomeric mixture also exhibited moderate in vivo antifilarial activity in the jird (Meriones unguiculatus) model. A few derivatives of calophyllic acid and isocalophyllic acid were prepared and one of the amide derivatives turned out to be the most promising compound against the adult (MIC: 3.9 and IC 50 : 0.32 µg/mL) and microfilariae stage (MIC:1.9 and IC 50 : 0.26 µg/mL) parasites with a high selectivity index. The amide derivative has superior activity than the parent natural product, as well as the standard antifilarial drug, ivermectin.
Lymphatic filariasis (LF) is caused by an infection with the filarial worms, Wuchereria bancrofti, Brugia malayi and B. timori. These parasites are transmitted to humans through the bite of an infected mosquito and develop into adult worms in the lymphatic vessels, causing severe damage and swelling (lymphoedema). Elephantiasis, a painful, disfiguring swelling of the legs and genital organs, is a classic sign of late-stage disease. In continuation of our drug discovery programme on Indian medicinal plants, we carried out chemical investigation work on the leaves of Calophyllum inophyllum L. [1] , commonly known as 'Indian laurel' or 'Alexandrian laurel' [2, 3] . Calophyllum species are gaining importance as a source of anti-HIV medicines [4, 5] . The inophyllums and (+)-calanolide A isolated from C. inophyllum and C. lanigerum showed strong activity against human immunodeficiency virus type-1 (HIV-1) [6] [7] [8] [9] [10] . Recently, it has been demonstrated that (+)-calanolide A was active against all the strains of M. tuberculosis tested, including those resistant to the standard antitubercular drugs [11] .
As per our protocol, the test sample was considered active on adult worms when it completely inhibited the motility of parasites at a concentration of either 31.25 µg/mL (cut off concentration) or below, in addition to ≥50% inhibition in MTT [3-(4,5dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] reduction. In the case of the microfilaria stage (mf), the in vitro antifilarial activity was based only on 100% inhibition of their motility [12] .The ethanolic extract of the leaves of C. inophyllum demonstrated in vitro antifilarial activity with an IC 50 of 5.0 µg/mL against adult B. malayi and 7.8 µg/mL against microfilaria (mf), with a good therapeutic index (>10). This prompted us to carry out a chemical investigation, which resulted in the isolation of larger quantities (11 g from 10 kg of dry leaves) of a diastereomeric mixture of calophyllic acid (1A) and isocalophyllic acid (1B) [7] , Scheme 1: Chemical conversion of calophyllic acid (1A) and isocalophyllic acid (1B) mixture to inophyllum C (3) and E (4) along with calaustralin (2) [11] as a minor constituent [5] . Compounds 1A and 1B possess the same molecular formula, but differ only in their stereochemistry (diastereoisomers). Though we separated 1A and 1B by silica gel column chromatography, our NMR studies indicated the inter conversion (rotational isomerism) phenomenon at room temperature [7] . The bioactivity screening results indicated that the mixture of 1A and 1B possesses potent in vitro antifilarial activity against the adult as well as microfilaria (mf) stage of Brugia malayi. The IC 50 of the 1A and 1B mixture was 2.1 µg/mL against adult B. malayi. In the case of mf, the IC 50 value was 5.46 µg/mL and the selectivity index (SI) >142.8 and >54.9, respectively. Therefore the test sample was considered to be safe (Table 1) . Calastralin (2) was inactive at the tested dose (31.25 µg/mL).
Since the diastereomeric mixture was isolated in large quantities, we made few derivatives to obtain information on the structure activity relationships. Therefore, the 1A and 1B mixture was cyclized (Scheme 1) in pyridine to provide two known coumarins, inophyllum C (3) and inophyllum E (4) [13] . Since compounds 3 and 4 were free from rotational isomerism, they were subjected to bioactivity studies individually. The isomer 3 did not show any activity on the two life-stages of the parasite at 31.25 µg/mL. Compound 4, which has the same stereochemistry as 1B, exhibited antifilarial activity (MIC: 3.9 µg/mL and IC 50 1.08 µg/mL) on the adult parasite only, without affecting the mf at a concentration of 31.25 µg/mL (Table 1) . From these results it appears that 4 will be the preferred conformation to elicit biological activity; lactonization (cyclization) leads to loss of activity against the microfilaria (mf) stage of the parasite at the tested dose. To improve the bioactivity, amide derivatives 5A+5B and 6A+6B were prepared from the mixture of 1A and 1B, as described in scheme 2, by using pyrrolidene and piperidine in the presence of CeCl 3 .7H 2 O, with 65% yield [14] .
These two amides retained the activity of the parent compounds against both adult and microfilaria stage parasites. It is noteworthy that of these two derivatives, the piperidine attachment showed a better activity profile than the parent compound, as well as that of the marketed drug Ivermectin. The amide had an MIC of 3.9 µg/mL and an IC 50 of 0.32 µg/mL against adult parasites, and a MIC of 1.9 µg/mL and an IC 50 of 0.26 µg/mL against microfilaria stage parasites. Ivermectin killed adult worms in vitro at 7.8 μg/mL and mf at 125 μg/mL (MIC). The IC 50 value for adult female worms was 1.50 μg/mL and 3.62 μg/mL for mf ( Table 1 ).
The mixture of 1A and 1B, which was active in in vitro studies, was further investigated for its antifilarial activity in in vivo studies [12] . The mixture exhibited moderate adulticidal antifilarial action (-48.7%) in the jird model (Meriones unguiculatus). Diethylcarbamazine (DEC), the standard marketed antifilarial drug, did not show any noticeable antifilarial activity against jirds. DEC is known to be ineffective in jirds against B. malayi ( Table 2 ) [12] . -32.6 ± 10.0 Nil ** P <0.01 is highly significant; % reduction in worm recovery was assessed by comparing the mean values of treated group with that of respective untreated control group. Statistical analysis made by comparing each treated group vs. common control using one way Anova; S.C.-subcutaneous Supplementary data: Spectroscopic characterization of all the natural products and derivatives along with their 1 H-and 13 C-NMR spectra, and MS data. This material is available free of charge via the Internet.
